1. Micropuncture studies of chloride and bicarbonate absorption in the proximal tubule under free flow conditions were performed during exposure to 12% COz in air, during recovery from COz on a low chloride diet with and without concomitant sodium restriction, and during re-exposure to 12% COz in air with continuing chloride restriction.
2. After 3 hr of exposure to COz there was a significant increase in the TF/P C1 (ratio of tubular fluid to plasma chloride) in the proximal tubule and a significant increase in urinary chloride excretion with a drop in the plasma chloride. Maximum plasma bicarbonate and TF/P C1 levels were reached at 24 hr with no further increase after 48 hr exposure to COz. Bicarbonate absorption in the proximal tubule formed a reciprocal pattern to chloride absorption.
3. It is concluded, in conjunction with the accompanying balance experiments of Luke et al. (1970) , that a rising TF/P C1 in the proximal tubule correlates with increasing proximal tubular absorption of bicarbonate, a rising plasma bicarbonate, and an increasing urinary acid excretion, but not necessarily with external chloride balance, which is regulated by a more distal site in the nephron. In respiratory acidosis and chloride depletion the TF/P C1 in the proximal tubule reflects the intratubular dynamics which influence bicarbonate absorption.
It has been demonstrated that exposure to an increased concentration of carbon dioxide in inspired air results in an increase in the excretion of chloride in the urine of the rat (Levitin, Branscome & Epstein, 1958) . Micropuncture studies, employing the technique of isolated microperfusion of individual tubules of the rat, have demonstrated that the tubular fluid : plasma ratio for chloride (TF/P Cl) was increased after exposure to carbon dioxide for 24 hr, and it was postulated that the handling of chloride in the proximal tubule was linked to proximal tubular acidification of the glomerular filtrate (Kashgarian, Warren & Levitin, 1965) . The present study explores proximal renal tubular handling of chloride and bicarbonate during and following recovery from respiratory acidosis. Conventional balance studies in similar experimental circumstances are reported in an accompanying paper (Luke et al. 1970 ). The results indicate that an increase in the proximal TF/P C1 correlates with proximal tubular absorption of bicarbonate and renal excretion of hydrogen ion, but that the TF/P C1 in the proximal tubule is independent of the external balance of chloride.
METHODS
Male, Sprague-Dawley rats, weighing 150-300 g, were fed a low-residue, high-caloric, artificial diet containing 0.1 1 mEq of sodium, 0.13 mEq of potassium, and 0.10 mEq of chloride per g (Levitin et al., 1958) . This diet was fed to all animals before exposure to CO,, and to controls in the recovery period. Two chloride deficient diets were used, one in which sodium chloride was replaced by a buffered sodium phosphate salt mixture and one in which sodium chloride was omitted without sodium replacement. Ten grams of diet was given to each rat during a 40 min daily feeding period as in the accompanying balance experiments (Luke et al., 1970) .
Micropuncture studies were performed on animals anaesthetized with Inactin (Promonta, Hamburg) 80 mg/kg; a tracheal cannula was inserted; the left kidney prepared for micropuncture, and tubular fluid samples obtained as previously described (Wirz, 1956) . Urine was collected under oil from a catheter inserted in the dome of the bladder. Blood was collected during the experimental period from the tail vein and at the end of the experiment from the abdominal aorta. Chloride concentration of tubular fluid was determined by the second method described by Ramsay, Brown & Croghan (1955) . Plasma and urine chloride was determined with a Cotlove chloridimeter. Plasma carbon dioxide was determined by the method of Van Slyke & Neil1 (1924) .
Tubular fluid bicarbonate was estimated in the following manner. Quinhydrone microelectrodes filled with mineral oil equilibrated with 5% or 12% CO, were used to measure the pH of samples of tubular fluid. The concentration of bicarbonate in the tubular fluid was calculated from the pH of tubular fluid determined with the quinhydrone electrode and the known Pco, of the mineral oil in the electrode, using the Henderson-Hasselbalch equation with a pK for carbonic acid of 6-1 and a carbon dioxide conversion factor of 0.0301 mm/mmHg with the gaseous solubility corrected for the temperature of measurement. To allow for complete equilibration with the CO, of the mineral oil, sample size was maintained at less than 0-Olpl as has been recommended (Rector, Carter & Seldin, 1965) . Using this precaution there was a standard deviation of plus or minus 10% in ten repetitive measurements of the bicarbonate concentration of three different NaHCO, standards (10,25, 50 mEq/l) at both 39 mm of CO, tension and 90 mm of CO, tension. A Keithley electrometer was used to measure the potential of the quinhydrone electrode.
Sites of puncture were determined by injection of the punctured tubule with RTV 201 liquid silicone rubber (G.E. Co.) and catalyst. After the experiment the kidney was fixed in 10% formaldehyde, macerated in concentrated HCI, and microdissected.
Experimental protocol
Exposure to CO,. Animals were exposed to an atmosphere of 12% CO, in air for 13,3,6, 12, 24 and 48 hr. Controls were animals from the same group which were handled identically except that they remained in room air and were not exposed to CO,. In the acute experiments at 14 hr, animals were prepared for micropuncture and four samples of tubular fluid were obtained before exposure to CO,. A vented plastic bag was attached to the tracheal cannula and 12% CO, in air was given at a rate of 0-3 l/min; four more samples of tubular fluid were taken during and 14 hr after beginning exposure to CO,. Quantitative urinary chloride excretion studies during the acute phase were performed on animals prepared in the same manner as for micropuncture. With longer periods of exposure to C 0 2 (3-48 hr) rats were exposed to 12% CO, in air with cages as described elsewhere (Levitin et al., 1958) and then prepared for micropuncture with continuing CO, administration as described above.
Recovery from CO,. Experiments were performed in three sets of animals ( Table 3 ). The first set consisted of an animal exposed to 12% CO, for 24 hr and a control animal breathing room air. The second set consisted of three animals exposed to 12% CO, in air for 24 hr and then allowed 24 hr for recovery in room air, on a sodium chloride free diet, a sodium phosphate substituted chloride-free diet, or the normal control diet. The third set were treated as the second except that the recovery period in room air was 48 hr. Micropuncture studies were also carried out in rats on the low chloride, sodium phosphate substituted diet after 48 hr in room air, without previous exposure to CO,. These sets of experiments were repeated to include four or eight in each group.
Re-exposure to CO,. Animals were exposed to C 0 2 for 24 hr, allowed 48 hr recovery on a sodium chloride free diet, followed by 24 hr of re-exposure to 12% COZY and then micropuncture studies were carried out with continuing CO, administration.
Bicarbonate infusion. In order to study the effect of a rise in plasma bicarbonate and fall in plasma chloride without changes in blood Pcoz, four rats were given, in room air, an infusion of sodium bicarbonate containing either 75 m-mole/l or 150 m-mole/l. The plasma bicarbonate was raised toward the level observed in animals exposed to 12% CO, for 24 hr. The volume of the infusion was equal to 5% of the body weight given over a period of 3 hr.
RESULTS
Exposure to CO, (Table 1) Initially exposure to 12% CO, induced little or no change in the tubular fluid :plasma chloride ratio (TF/P C1) and only a slight elevation of the plasma bicarbonate to 28 mEq/l. The first significant changes in plasma chloride and TF/P C1, were detected at 3 hr, at which time the urinary concentration of chloride was elevated. TF/P C1 continued to rise over the ensuing hours until a plateau was reached at 24 hr. By this time, the plasma chloride had fallen to a stable level of 89 mEq/l. No further significant changes were observed when exposure to carbon dioxide was extended to 48 hr. TF/P C1 did not alter in the control rats in each group which were handled identically with the experimental groups apart from exposure to Studies of the urinary excretion of chloride (Table 2 ) demonstrated a significant increase in the third hour of exposure, continuing into the fourth hour. Urine chloride concenco,.
tration in animals which were micropunctured followed the same pattern as that of intact animals.
The concentration of bicarbonate in tubular fluid progressively decreases along the proximal tubule in control animals indicating bicarbonate absorption (Fig. 1) ; in animals exposed to 12% carbon dioxide for 24 hr the initial bicarbonate concentration is higher, and the fall as the proximal tubule is traversed is greater than in controls. A reciprocal pattern is seen in the changes in TF/P C1 in the proximal tubule (Fig. 2) . Micropuncture of twenty-four glomeruli (G in Fig. 2) showed that the concentration of chloride in the glomerular filtrate was essentially that of plasma whether or not the animal had been exposed to CO,. The TF/P C1 rose along the length of the proximal tubule, the rise being greater and steeper in those animals exposed to COz. 
Recovery experiments (Table 3)
Animals on a normal diet with adequate sodium and chloride restored their plasma bicarbonate and chloride to normal within 24 hr after they were removed from 12% CO,.
No further changes were noted when these studies were extended to 48 hr. Maintenance of animals on a diet free of chloride during the recovery period inhibited the degree to which the plasma bicarbonate and chloride returned toward normal, but in the animals maintained on a sodium phosphate substituted diet the plasma chloride was more depressed and the plasma bicarbonate more elevated during the entire recovery phase. In this latter group of sodium phosphate substituted animals the TF/P C1 remained up at a time when urinary chloride concentrations remained very low. (Table 3) In two animals which were exposed to 12% CO, in air for 24 hr, allowed to recover on a sodium chloride-free diet for 48 hr, and then re-exposed to 12% CO, in air for another 24 hr, the plasma chloride fell to 85 mEq/l and plasma bicarbonate rose to 39 m-mole/l. Less than 1 mEq/l of chloride was present in the urine of these animals during the second exposure to carbon dioxide, but the TF/P C1 rose to levels similar to those seen after the first 24 hr of exposure to CO,. Bicarbonate infusion (Fig. 2) 37 mEq/l but TF/P C1 was lowered to 1-14.
Re-exposure experiments
In this group of animals plasma chloride fell to 88 mEq/l and plasma bicarbonate rose to
DISCUSSION
In a previous study (Kashgarian et al., 1965) , it was demonstrated that under conditions of zero net flux, the TF/P C1 in the proximal tubule increased after exposure to CO,. The present study demonstrates that an increase in the TF/P Cl also occurs during free-flow conditions after exposure to 12% CO,, and that bicarbonate absorption is increased concomitantly. Exposure to C 0 2 results in an increased absorption of bicarbonate from the proximal tubule as evidenced by the greater fall in tubular bicarbonate concentration in animals which # Calculated from plasma HC03 and pH. § C1 free = low salt, sodium phosphate substituted diet.
x n w were exposed to COz for 24 hr. The chloride, on the other hand, rises along the proximal tubule in a reciprocal fashion. The greater fall in bicarbonate is probably a function of increased hydrogen ion secretion (Bank & Aynedjian, 1965; Rector et al., 1965) and in turn this would decrease the driving forces for the absorption of chloride. The tubular fluid : plasma chloride ratio therefore appears to reflect the dynamics of hydrogen ion secretion. Similar observations were made by Weinstein (1968) in acetazolamide treated rats. Interpretation of the results in the animals infused with sodium bicarbonate is complicated by the associated volume expansion, which has been shown in the rat (Hayslett, Kashgarian & Epstein, 1967) to result in decreased fractional absorption with an increase in proximal fluid flow, and which may also alter proportionate bicarbonate and chloride absorption in the proximal tubule (Frick et al., 1966) . However, it is clear that hypochloraemia and an elevated plasma bicarbonate, unrelated to respiratory acidosis, by themselves do not inevitably result in an increased TF/P Cl.
The pattern of changes in plasma electrolytes and urinary chloride excretion in the accompanying balance experiments (Luke et al., 1970) was very similar to those obtained in these experiments. Consideration of the results of the balance experiments and the micropuncture studies reported here suggests that a rise in TF/P C1 correlates with increasing proximal tubular absorption of bicarbonate, a sustained rise in plasma bicarbonate, and an increase in net hydrogen ion secretion, but not necessarily with external chloride balance. This is best illustrated by the CO, re-exposure experiments, in which a rise in TF/P C1 is the proximal tubule to similar levels to those occurring during the first exposure to CO, was associated with extremely low urinary chloride excretion.
These observations support the hypothesis that proximal handling of chloride is related to proximal tubular absorption of bicarbonate and that the external balance of chloride is regulated by a more distal site in the nephron.
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